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ABSTRACT 

Solutions of S^" are kno-wn to undergo chemical trans- 
formation on keeping in air for long periods of tune. Some 
workers have reported the presence of So|“ and S20|" as the 
ma30r products, y-radiolysis of S^" solutions also leads to 

the same products. Solutions of containing radioactive 

3 5 

s has heen also known to undergo oxidative and radiolytic 

changes with S 0 | as the product. Since radioactive ^^S^" 

IS used in various experiments on the assumption that it is 
35 2 - 

pure S it IS necessary to test this assumption in view of 

the possible radiolytic changes it may undergo as a function 
of its age. 

Conventional chonical analysis is usually carried out by 
adding milligram quantities of the expected radiolytic/oxidative 
products as inactive carriers, then chemically s^arating them 
and estimating their amounts by the measurement of radioactivity 
by a suitable counter. The main drawback in using this prodce- 
dure IS our lack of knowledge of the number and nature of the 
possible products. In this work the investigation consists of 
(a) Setting up of a convenient and suitable procedure of or 
determining the number of possible products and (b) a method of 
identifying them. 

In this work, an an ion -ex change column has been used for 
the separation of sulfur products. At least one sulfur product 
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IS present corresponding to each, peah obtained by plotting the 
eluated activity per 1.4 ml against iiie eluant volume. Elution 
conditions were studied and calibrations were done usin^ both 
inactive and radioactive solutions. 

Comparison of the experimental results obtained xfith 

7-day old solution and four month old solution 

indicates that within a period of four months most oi tbe 

original sulfide has undergone conversion into other produots 

in addition to SO?" and S^0.|“. 

4 2 0 



CHAPTTilP 1 


niTEODUCTICN 


I'Uis work represents an rnvesti£ctiOn of the oxidation 
ates of oulinr in a solution which originally consisted of 
pare sodi« sulfide containing radioactive Hadioactive 

lootopes, either with carriers or in carrier-free states, ai-e 
available conmercially fr« the .ajor nuclear facilities of 
the world, fhese isotopes are .ainly used as tracers for a 
variety of purposes^-S. since aitremely snail number of radio- 
active a.ofs can be detected quantitatively throu^ their 

radioacti-Vity and as the nai v^■w.r^ 

xne cnanical properties of the radioactive 

isotope IS identical with thoe® n-p +v, i. 

wivn -cnose of the inactive ones, radio- 

pes^cjre used widely to study the mecnanisms of chanical 
reaotioa , biologioal desradation, synvnetio pathways in biolo- 
gical systBBS and, in nuclear medicine, to diagnose and locate 
ciaeased sitesfrdn^e differential assimilation of radioactive 

atoms (rkong with the inactive atoms) of certain elements by 

diseased and healthy cen=? n-f 6 

T;n5. cells of an organisca.^ Apart fron these 

radioactive isotopes are in use to esti..ate the wear and tear ’ 
of high speed steel tools, m detecting minute leaks or cracks 
m huge welded structure, 2 to mention oust a few of their 
numerous applications. 
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I'l the case of those elements vhich have variable 
oxidation states like sulfur and iodine, the radioactive 
isotopes ri’e usually supplied ccmmercially in the forn of buoim 
oxidation states. lor instance, the Bhabha Atomic Research 

Centre supplies isotopes of radioactive in the form of 

2 — ^ 

SO^ Or elemental S , either with or wif-iout carrier. If such 

a sample oi ^ consumer to study its inter- 

action with a system which may change i u to the S0^“ form, it 
IS very essaitial that the radioactive S^“ solution should be 
absolutely free frcxn So| . However, in solutions of radioacLive 
isotopes, particularly in high strength, radiolytic as well as 
non-radiolytic oxidation and reduction processes are always 
possible. It IS,, therefore, very importa'it to investigate 
about the extent to which such changes occur as a function of 
the age of a radioactive sample which was anitially prepared in 
a particular oxidation state. 

Solutions 01 sulfide, on keepi..g for long periods, are 
known^ to contain both So|" as well as This effect 

may get enaanced by radiolysis if the solution contains 
Sane workers® have already used ^5g2- 35go2- 

separate silver chloride crystals. The doped crystals were 
then analysed chemically to estimate the extent to which S^“ 
has been converted into SO^" m one caso and So|“ into sulfide 
in the other. The conclusions derived from such experiments 
would have no validity unless the radioactive dopants initially 
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px esent xn a single oicidation state. Axiy appreciable change 
in the oxidation states of the radioisotopes of elements like 
Iodine, which is nsed internally in living systems, may have 
serious nnplicatioas in terms of biological effects. There 
seems to be no reported investigations ai the possible chanical 
transformations occurring wish age ua ccramercially supplied 
radioactive sulfur isotopes. 

The immediate motive for carrying out this investigation 

originated in seme unexpected results obtrincd by using radio- 
, 2 “ 

acTive S as a doprjit in studying some solid state reactions 
at the Nuclear Ohcanistry Laboratory at I.I.T. Zanpur. On analy- 
sis after the doping experiments, unusually large amount of 

35 ^ 2 - 

S2O5 was observed. It proved impossible to conceive of any 
reasonable process by which this effect could occur and it was 
suspected that what was assumed to be a pure sample of S^~ 
might have contained seme ^>^ 0 ^ . A chemical analysis by the 
carrier technique showed the presence of S2o|“ in :j.arge amoimt 
in the radioactive sulfide solution supplied by BARG. Further 
chemical analysis of the so called thiosullate fraction showed 
that the two sulfur atems of the thiosulfate group did not have 
equal radioactivity. This pointed to the presence of other suliur 
compounds, possibly nolysulfides and polythimates, in the 
s olu ti on . 

For the purpose of investigating this it was necessary 
to use a method which could identify the unkn-own sulfur -oempmods 
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in the carrier -free states. The present work reports the 

development of the anion-cxchange technique cs applied to the 

separation of the anionic forms of sulfur. Since thu chemistry 

of the p olythionetes is very cemplex,, and, as most of them a.re 

no u availahlc cQi.isicrcia.lly, no efforts have hoen ma.de to identify 

a.11 the peaks m bhe elution spectra. It is shown here that a 

rediooctiVo solution of sulfide contains a v^ry largo percentage 
2 — 

of SO^ and other sulfur compounds, possibly thiosulfate and 
other polythiona tos, as early as on the 10 th day after the day 
of its preparation. 



CHiPTEH 2 


ElrERE^illrm I-iETFICD 

2. 1 General Considerations i 

35 

The present work is Lrscd on the detection of S in 

■various oxidation states by iLs radioactivity. The concentra- 

55 

tion of radioactive S nuclirlc which is present to tie 

extent of 10^^ atoms per millicurie cannot be deteruiined by 

55 

OLiy conventional analytical method. S is a nuclide with a 
half life of 87 days which decays by pure beta emission to 
^^Cl. The maximum energy of the beta ra^- s is 0.167 IleV. These 
"soft'' beta rays are easily absorbed by air and the window 
material in a Geiger-MUller counter. Further it is considerably 
attenuated by self- absorption in the final form of the sample 
which IS counted in a counter. These factors dictate a careful 
choice of the counter and corrections for self-absorntion in 
the final chemical form of in which it is counted. A liquid 

scintillation counter, a winaowless gas flow counter and a thin 
window (M counter are the choice in decreasing order of prefe- 
rence. 

2. 2 Measurgnent of Radioactivity 

The decay of a radioactive substance is accompanied by 
The emission of alpha particles, beta particles and gamma rays, 
either sing'ly or in combination. Since radiOcactive disintegra- 
tion IS a unimolecular reaction of the first order, the intensity 
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of the emitted particles or blie gamma rays is pro--, cr bional to 
the concentration of the radioacti-ve substance at tnc iaoment 
of their emission. Any device that allots a quantitative detec- 
tion of the particles, or gam_'a rays would enable us to measure 
the concentration of the radioactive substance. The methods of 
detecting alpha and beta particles would be identical, since 
both of them are electrically charged, while the gaia d rays 
require a different methods o_ detection because it is a form 
of electromagnetic radiation. Since, in the present work, the 
radioactivity of the sample is due to the etaission of pure beta 
particles, the general methods of detection will be described, 
laying emphasis on the method of measuring beta actavity. 

2,2.1 Liquid Scintillation Counting s 

ITuclear radiations can interact with fluorescent or 
phosphorescent materials to cause photon emission and this pro- 
cess is known as scintillation. These li^t flashes ai-e ampli- 
fied in a photomultiplier tube and the photoelectrons generated 
in them are suitably converted into a voltage pulse. The fluo- 
rescent or phosphorescent male ‘lals are kncwn as scintillators. 
Seme of the well-known scinrillators are i?aI(Tl), an-phracene 
and Zinc sulfide. Liquid scintillators are prepared by dissol- 
ving a suitable scintillator ir an ore,anic solvent. For example 
a widely used liquid scintillator consists of . 



7 


Napthalene - 60 g 

2,5 - Diphenyl oxazole - 4 g 

(PPO) 

1,4 - Di (2- (5-phenyl oxazolyl)) benzene 

(POP OP) 


M ethanol 
Ethylene glycol 


- 100 ml 

- 20 ml 


0.2 g 


in one litre of the solution nsde up by P - Dioxane, 
uhich was suggested by O.a. Pray et al/° The liquid 
cintillation counting invol-vts dissolving the sample to be 
counted directly m the liquid scintillator. Under these con- 
ditions problais relating to selt-absorption, attenuation of 
particles by detector windows and the backscattering from the 
detector are completely avoided. These advantages .re parti- 
cularly important for low-energy beta particles emitted by 
and isotopes. 

The first step in the technique involves incorporation of 
the sample within a suitable liquid scintillator solution. i 
common problem is that the iiibroduction of the sample tends to 
1 educe the scintillator light output compared with the pure 
scintillator. This phenomenon, canmonly called" quenching,” limits 
Ihe amount of sample material chat can be efficiently, incorpora- 
ted within the scintillator solution. For 10 ml of the above 
.xientioned liquid scintillator 1 ml of aqueous sample solutions 
is usually satisfactory. The quenching can be either due to 
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alteration of the optical properties of the solutioit by the 
oample ("color quenching") or ihrou^i the interference with 
ihe energy transfer process iritiiin the scintillator itself- 

After the sample has been prepared, the solution is 
normally loaded into a glass vial and placed in a li,ni- tight 
enclosure viewed by one or more photomultiplier tubes. The 
noise clue to phot omul tiiDliers are eliminated by coiuciuence 
counting and the thermionic aoission of electrons ai e minimized 
by cooling the detector sysieci. 

Since all beta particles emitted by the sample rass throu^ 

seme portion of the scintillator and the great majority are 

fully stopped within the solution, the counting efficiency can 

be potentially close to 100/. . ]? or the liquid scuntillator 

suggested by Bray et al the overall efficiency is 65 . 6 /. 

r 14 

^ or C and 11.7/. for tritium. This high efficiency for soft 
beta particles makes it the best choice for soft beta detection. 

2.2.2 Detection of b eta particles 1 

The most useful method of measuring the beta particle 
activity depends on the principle of multiplicative ion colleC” 
tLOn. A charged particle with a high velocity passiUt, through 
c. gaseous medium causes ionization of the gas molecules or atoms 
due to inelastic collisions with than. Purther, if the gas is 
maintained between two electrodes with a high potential gradient 
uetween them, then the ionization phenonenon becemes enhanced 
due to the acceleration imparted to the initial lon-pairs 
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produced. As tiae voltage gradient is increased, the electrons, 
produced by the initial encounter between the incident particle 
and the gas atoms, themselves .ocone sufficiently sccelerated 
to knock out fresh electrons from the neutral gas rol^cules or 

..tons. ihis leads to the multiplication of the number of ions 
initially produced. 


In practice, the cathode consists of a hollow metallic 
cylinder with a thin wire stretched along the central axis 
serving as the anode. This arraigement allows a maximum voltage 
gradient between the anode and the cathode for a given applied 
voltage. The cylinder is filled with a suitable lonizable gas 
ana the electrode system is connected to a linear amplifier xvith 
0 high gain. If the pulses aro studied as a function of the 
applied voltage, it is found that for very low applied voltages, 
^here is no amplification of the ionization current. As the 
p tential is mci eased, amplaiication sets in. The pulse height 
a particular voltage is pi'op orti oiial to tho amounc of initial 
ionization caused by the incident particle, so that it is possible 
oO differentiate between alpha and beta particles. When the 

aevice is operated in this voltage region it is tormed a propor- 
tional counter. 


At higher voltages each initial ionization cau£os a shower 
oi secondary ionizations, known as the "Townsend avalanche", 
which completely blurs out all distinction between tbc nature 
of the initial ionizing events. If the detecting device is 
operated in this region it is termed as Geiger counter. 
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Operation in the prooovtional region has man3' advan- 
tages, although the pulses produced are smaller thaa those in 
the Geiger region, because of t.-e smaller applied voltage. The 
proportional counter has greaier stability and reproducibility 
aad the dead-time loss is of the order oi a few micr osecon'-f s. 

The voltage interval over which the count rate remains almost 
the same, known as the length of the plateau, is much greater 
than that of the Geiger counter. 

2. 2, 3 Selection of counter for ^^3 ; 

As stated earlier, the best detector would have been 
a liquid scintillation counter. However there are certain 
restrictions associated with detection by a liquid scintillation 
counter. A very large number of samples had to be counted 
during this work and would ha- e involved the use of considerable 
volume of expensive liquid scintillator. Since the count rates 
were not very poor, TfSindowless gas flow proportional counter 
was used for the detection of beta particles. 

2. 2. 4 Description of the Gas Flow P rop ortional C ounter s 

The proportional counter used was the wind o»fl ess 2n 
feieometry 11302 counter manufactured by ECIL, India. It has a 
manual sample changer with three sample trays. While one is 
in the counting chamber, the second gets preflushed by indane 
gcS and the third awaits the next sample. The tras^s are situa- 
ted on a rotating disc and can be rotated manually . The main 
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Fig. 1. Schematic diagram of the counting system. 
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parts oj? the counter are made up of stainless steel. The 
counting gas is indane gas supplied by the Indian Oil Corpora-* 
lion which IS passed through a 'U' luhe filled with silica gel 
to remove the moisture present in the gas. In order to control 
the gas flow rate the outgoin^ gas is passed througii s huhhler 
containing liquid paraffin. Ihe huhhling rate is c' .''usted hy 
a p inch-cock so that a small positive gas pressure i. al’-i'ays 
laintained inside the countixg chamher. The couiitin^ chamber 
contains a wire anode kept a.t high voltage, which is the detector. 
This IS connected to a preamplifier. Tne pulse fi co c'ls is 
fed into a linear amplifier. After amplification tne pulse is 
counted in a decade scalex'* whicJi is connected with the timer. 

A schanatic diagram of the counting system is given in f'lg. 1 
and the Fig. 2 shows t^e photo^,raph of fch^^ counting 
system used in this ewperimen ucl work. The gas flow proportional 
counter would henceforth ho called the SFP counter. 

2* 5 Determinati on of the Plateau voltage and 

Op erati o n of SB'P c oun ij cx* 9 

For a proportional coiviter the pulse hei^t is directly 

proportional to the operating, voltage but the count rate for a 

particular source exhibits i plateau over a certain voltage 

range^^. So the counter is opeiated in the plateau region to 

eliminate any change in the count rate due to voltage fluctua— 

35 

tions. To determine the plateau region a sample of iTa 2 S 
dried in a planchet was placed on the counting tray ?jad indane 
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Activity (cpm) 



Fig. 3. Plot of count rote vs applied voltogc to find the 
voltage plateau. 
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S as was babtled throu^, to ou_'-_c- out all tac sir 'les'.nt 
and the high voltaeo was S'rxtclied on. The pulse Troa the 
detector after preanplif icat i o.i followed hy linear aiplif:ic£i“ 
ticn was counted by a decade scaler. The pl-teau was found 
cut by observation of count as a function of vcl-'ngc 

across the detector. This i. C-iCun in I ig. 3* 'f-cie '"cltage 
was varied in steps of 100 volts. The plateau was c‘d, erved to 
be in the range of 3300 - 3300 volts. The counter v.s therefore 
operated at 3000 volts. To detect any daj' to day Vc.ri' tion in 
counting a uranium foil was iu:^d as a reference b ;ta oarticle 
source. 

2. 3 S eparation of Sulfur Products j 
2.5-1 Cheiical method . 

35 2 - 

Since in a radioactivo S solution, the nucher of 
atoms of ^^S present is of the order of 10 in a 
solution of 1 millicurie strec.: th, ordinary chemicaJ. methods 
cannot be used to separate the different species of S present 
in the solution. One can, however, add appropriate ina.ctive 
carriers in milligram quantities in the scjiie oxidation state as 
that of the radioactive ^^S and the separation can be cerformod 
by usual chemical procedures. Since the active and inactive 
stems are chemically indistinguishable as they are in the same 
oxidation state, the radioactive atems are separated along with 
the inactive ones. Einal precipitation is done ia a form which 
can give a uniform and coherent d^osition so that it can he 
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counted ov er a long period of tire. 


Tne general scheme for clicmical separation is as follows, 
Anpropriate amounts of the inactive carriers in the Iotih of 

c2- 


iD , SO 
55 


^ and S,^0. 


^ Giiu >J 2 ^^ are add^-d to the solution co,hraning 

S in all these oxidation st-.tes. Suliide is sepcr,_iod by 

adding a solution of Cd'^'^ wnen OdS pi'ccipitat es ont. The 

supernatant liquid is treateu t-ith a solution of tjcT'" when 
2“ 2— 

50^ and 30^ together are dj ecipitated as a mixture of 
j3aS0^ and BaSO^. Then the firil filtrate containc 


P— 

Q'ho converted into SO^ ’’ by oxidation with Br2 m 

iMaOHc This sulfate is then precipitated as BaSO^. The S^“ 

obtained in the form of CdS is also converted into sulfate 

oxidation with Br^ m UaOH and precipitated as BaSO^. The 

mixture of BaSO, and BaS0„ is also oxidized into BaSO , -mth 

4 p A 

'X tz 

Zt 2 m FaOH. Thus all the present initially in different 
oxidation states are ultimatelj counted in tho form of BaSO^. 

If care is taken to add the erlealated amounts of sulfide, 
sulfite, sulfato and thiosulirte inactive carriers so that the 
final theoretical yield of Ba,S0^ is the same and if the chemical 
^leld IS close to 100'/. then the problem of correction for self- 
absorption and backscattering can be eliminated. 


2.3.2 Inadequacy of chemical method ; 

The main drawback of tnc chemical precipitation method 
IS that it assumes that there are no radioactive species in 
cnoaical states other than thOLo of the inactive earners added. 
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This ’Detliod, therefore jCannO'i, he used in case there -re 
other chemical species presci-t ihose existence in tne re-dio- 
active mixture cannot be gueseel,, and therefore, no co-res- 
p Gliding inactive carrier can be anded. In such cee '■e the 
species having oxidation staces other than that o: carrier 

ud& ed partly ronam in solution and partly get adsorbed to 
V riable extents on tne precjpitaie of the - uom o. ^cieed 
state for which carriers are adeed. Tha s was fou; d bo be so 
in the analysis of radioactive f^odium sulfide soluiion by 
iluddu Krishna and Mukherji^ . It was found by tnen that the 
tniosulfate fraction contained not onlj^ thiosuliate but also 
seme other snecies. When th j .rcction assumed to be tuio- 
sulfate was chemically split by Ag"*" the tx/O sulfur fractions 
vrere found to have unequal activities. This indicated that 
tins fraction contained, possibly, in other chemical forms 
in addition to the necessitated the search 

for some method by which one could study each species in a 
earn er—f r 66 state. This C 0 i.ld be achieved only bj' uhe ion— 
exchange separation technique. 

2.4 Ion -Exchange Chromatogranhic Technique s 

2.4.1 Princip le of Ion exchiijje chr Qnatography . 

Ion exchange resins are cross-linked polymers with 
ionic end groups like sulfonic acid (— SO^H) or quaternary 
ammonium salt end groups like - NR^OH or - 1\R^1 . In these 
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resins Cl~ and 0H~ are called mobile ions because they 
can move through the resin but c.mnot ccmeout in li: e absence 
ol another ion to replace then. Their counterpen: is imotm 
3,s fixed ions, since they are remanently linked by a covalent 
bond to tno polymer chain which is immobile. ¥beii a solution 
containing ions are brougnt into contact with tnese resins, 
tliej/' exchange their mobile ions. When these resiro ere packed 
in a column, different tyoes of ions present in bho solution 
ai e absorbed at different heiejnts depending i-’pcn tneir affi- 
u'ty. These absorbed ions ca_. then be eluted with suitable 
eluants. Upon elution they cOiic out at different volumes of 
tne eluant and hence a mixture of icns can bo separated as they 
would come out in different poj bions of the eluant volumes. 

The identification of the species can he done by ccaparing 
the elution spectra with the elution spectra of loiovj'n ions. 

Tf the peaks in the spectra arc Tf'eH'^r esc] ved then eren peak 
corresponds to a particular chemical species. If tioy are not 
■i/ ell— resolved , they may*' be composite p ealB repr esentin^ more than 
one chemical species each. In tuat way one can idon^ify the 
minimum number of chemical species in a mixture just by identi- 
fying the number of peaks ever, if they are not well— resolved. 

2.4.2 Impor tant applications of Ion— exchange chromatography . 

Ion-exchange chrcmatographic technique is one of the 
most versatile techniques used to separate new chemical species 
or rienents in their ionic form. Most of the transuranic 
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Glcments were sep-xr^ted. and P., err chemiceJ. properta-cG were 
s'cudied by tlie use oi ion-excbcr.^e crtrccautograpiiy. .e cr er-aiioj e 
Ghiorso and his co-workors^'^ r a-irod I! end elevium 
uie bcmbardment of ^Es depoeiLed on a gold foil o\'' x an. area 

2 j 

oi about 0.05 by r.lpha prr 'ncle^.. M end el eviuirt icnr-od was 
ejected out by the a-particlc uaTentum aid lu Tzas collec''/ed in 
uotnor gold foil. It was ttca dissolved in a qua r and 

fc!! en passed through a Dow ex-1 anion excha.ng:e colurr. Since 
gold IS in bne anionic foim rjuCl^]~>it is retairod by the 
column, while the trcnsurani’j (.lements camo cut xo xhe solu- 
tion. This was then passed f ' cu^x a Do-joz-50 cariOj.- exchange 
column and separated from one "'nobher by clutio. mbh a-hydroiy 
isobutyrate. Thus various steps in the chemical S'''pii" ...tion 

were carried out with less than 100 ataas. SiFiilarly ior the 

Pel 

identification and for studyii the properties of ^Q^Rf, 

(^"hiorso and his co-workers^^ used icn-exchange chronn-cographie 
technique. Apart from these, lon-exchange chrcciEtto^i aohic 
techniques mo widely used f o-" purification of water and for 
fho isolation of uranium frai low grade ores^^. 

2. 4. 5 Ion-exchange chromatogr nhy of sulfur cempounds ; 

17 

Por the separation oi sulfur compounds Iguchi used 
a stron^y be.sic anionic rosin (Diaion - 5A100) in ni crate 
form and used different elum fcs like 0.1 M Sodium nitrate, 


0.1 M sodium nitrate adoustod to pH 9 by ammonia, aPiaonium 
nitrate adjusted to pH 9 and 1.0 M Sodium nitrate. Bhattacharya 
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1 R 

et al. , uced long, lon-exciia.-^ o coluoins in t;lx 5 i_ zc.'y o± 

rodiosulf ■ur-35 cQaapoundB. C.\J, O^veno^^ used. Reij,n~2Cl in 

cnloride form of particle me 100- 200 nesh in col’i <.o of 

19 

size 15 cfli X 9 mm. lie used ciiiereni elua.nts for crating 

different components of the 'intare. fo elute Sc-liioes a 

. jixture of 0.04 j. 4 I\iaCl and cmmciiia adjusted to ph 1C. 6 was 

used. It was eluted in the i irut 30C' ml. Then orilrc iras 

^luted with a mixture of 0.0 'i .1 and 30 /. voluio li volume 

01 acetone and the pH was adjisred to 11 hj the aidiuicn oi 

..jiiffionia. It vras eluted in td - iicxt 185 ml. Sulfalu' ■'as eluted 

100 ml of 0.2Fi haCl and t osulfats ifitli 9C o-'l f-l 1 II 

HaClO,. The flow rate used bj t.iem was 12 cl per mute. 

4 

In our studies we have used Hov^ex 1x8 resin of 100- 200 
Liesh size in the chloride forn. The tot ■! cxchango capacity of 
tbe resin is 2.4 meq/ml on tlic dry "basis and 1,2 noo/mi on the 
■V, et "basis. 

2.4.4 U se of short lon-exchm.f.e chr cmatographic column : 

The column hei^t al'.o plays a very inportont role in 

the separation of the compo- e- cs in a mixture. ¥xiea the column 

iieight is increased the separation is good "buT; a larro volume 

20 

of eluant is necessary . I' o:- example vrhen a column Oj. 12 cm 
.'ici^t and 0.9 cm diameter was used, sulfide was eluicd between 
50 ml to 220 ml of 0.05 M KaxiO^. But a smaller coln.n gave a 
quicker separation if the subsT no ,s \’^cre present in smcHl 
qu-ntities. it wus found bj< us that a coloumn of 2. 5 cm in ' - 
iiBigiilj Slid 0# S disiBBiisir i / tb^s 
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giving fairly well separated 'peaks for sulfide, sulfate and th. 10 - 
’uHfate. In this experiment 1.4 ml fractions of olu^ct from 
tlic column were collected on plcstic planchuts a^id cried in 
on air oven at 60*^0 for tlireo Loots. 

Each, was then counted in a &P? counter. If longer 
Columbia were used the total uime taken lor a single experiment 
would have been 30 hours. Tic uce of small colrcin ox the a-hove 
.aontioned heiglit reduced the roual time to about 6 hours incxu- 
, jiig the sample preparation and counting. 

Ar 5 P reparation of the Ion- exchange colum xci : 

A schematic diagram Oj. the set up of the ion— exchange 
column IS shown inPigure 4. fhe ion-exchange column used was 
made up of a ^ass cylinder of inner diameter 0.9 cm and a 
height of 10 cm. The top portion of the column was fitted with 
j B-I 9 jacket so that a reseru-oir with a B-19 cone or a cylin- 
drical column for increasing the column height of uhc eluant 
could be fitted easily. The bofctcm of the column was fitted 
with a stop-cock and a small portion of the column was fitted 
with glass wool. 

A sluiry of Dowex 1x8 resin in cliLoride form 01 mesh size 
100- 200 was made in water and was soaked for one hour so that 
Lhere would he no further swelling of the resin while in the 
column. Then the slurry of Dowex resin was poured into the 
column containing seme water. In this way formation of air 
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Somple holder 
( Plonchct) 


Flfl. 4. 


Sch«motic diagram of ion - exchange column 
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'iju'b'ble in the column was avoic ea end the resin was allowed 
uo settle under its own wei^'t. After filling the column 
i,Tith tne resin upto the reoui^erl hei^t, water was droined 
out by onening the stop-cociz. 

Before an operation the .resin was washed thorou£hly with 
distilled water to remo-ve ai\ excess Cxiloride present in the 
resin and the washinys were i csted for the presence oi chloride 
with a solution of Ag"^. 

\4.6 Calibration of the column % 

d , 4 o 6 . 1 D eterm i nation of the elntion regions for ^il.^ide, 
sulfite, sulfate and thiosulfate .. 

0.3 ml of 0.02 M solution of the appropriate 
fuiion (i.e. , S^", SO^" , So|' or SgO^" ) was taken b:y a 1 ml 
f)ipette and plsiced at the top of separate am an exchfnge 
columns (Dow ex 1x8). The coluum was then lilleo. ijith the elu- 
ant (0,05 M NalTO^) to the necessary height (predetermined with 
distilled waiter) to give a flow rate of 1.5 ml per minute. 

The reservoir containing elu nt was then attached to the column 
GO as to maintain a constant height of the elnant in the column 
(See Big. 4). 1 ml fractions of the eluant from the column were 

then collected and the appropriate chemical reagent was added 
to detect the proper anion in each successive fractal on as 


follows. 
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Sulfide ; 

Each eluaiit fraction treated with a solutio. of 

ca++. Presence s2- was s.cvn by the yellow Opel , scenes 

ohie to CdS. 

Sulf it e : 


Each eluant fraction was treated with Ba^"^. WniLe 
urhidity due to BaBO^ which was vanishing by the addition 
U cone. HCl, indicated the niesence of sulfite. 

:JuJ fa,tQ_ : 

Each eluant fraction was -created with Ba^"^. A 7rhite 
i urhidity due to BaSO^ which is insoluble in cone. HCl indi- 
o->tod the presence of So|“, 

thi osulfat e s 

Each fraction was treated rrith Ag"^. Ag^ has the property 
of breaking up into Ag^ (insoluble) and Ag2S04 (soluble). 

■>ince Ag^ is black, the presence of 820^ is easily dexected. 

The purpose of these experiments were to find out the 
Ggion of the eluant volume in which a particular onion is eluted. 
ij.j.e earliest volume at which a fraction indicated the presence 
of a particular anicn and the final volume at which a fraction 
ceased to indicate the presence of the particular anion were noted. 
Ihe volume between the appearance and disappearance of a particular 
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Laion xs the elution region for the pcrticulnr cx-iv^n. Thexr 
elution regions arc shovn in Ichle 2.1. 

2. 4.b.2 Determination of rhe eJi tion curve for sulfote 
with radioactive ; 

3 pi of a radiOc^c .ive solution (frcsi 

DiBC, Eomhaj/) was taken oat oy a microsyrir^-e, diluted to 1 ml 
•nth distil 'od water. 0.3 ml of this was adaed to tr top of 
. column of anion exchange r'-sin (Dow ex 1x8) ana t}ic sine 
procedure as aescrihcd a.hovc wr s followed. Succe&Sj.vc frac- 
tions of eluant, 1.4 ml each, were collected, dried on plan- 
ch cts at 60 °G and then counted in G£P? counter. Drur the plot 
of activity per fraction agaii'ut the volume of the cT .v nt at 
which the fraction was collected, the eluticn region and the 
elution curve obtained for SO^^is shown in figure 5. Ihe peak 
})Osition at 33 ml coincides well with the mid-point of the 
elution region determined with inactive SO^ . 

2.4.7 Ion-exchange Chromatographic Analysis of rodxoactiv e 

2 - 

g solution i 

2 - 

The sample of radioactive S was supplied hy BARG, 

Bombay. It was in the form of a solution of 5 milli curies 

35 2- 

of radioactive S in 4 ml of solution containing approxi- 
mately 25 mg of inactive K'a 2 S as carrier. The scmple was 
contained in a glass vial with a sealed rubber cap. Required 
amounts of sulfide solution were withdrawn as ardwhen required 



Activity (cpm) 
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"by means of a microsyringe. fhe sample was always stored 
ins3de an aluminium can, away from heat and light. 

In most of the analysis 5 l^l of the sample ua.s ^^i^hdrawn 
and passed throu^ the lon-exchcxige column. In sa.. ol the 
experiments 5 tJ-1 of the sample 170,3 diluted to 1 nl a' '■'istilled 
uaber. 0.1 ml of this solutio'* was then passed th: 01 ^_h the 
lon-oxchange column. Ihe coltuni was then eluted wi+i G.05 M 
in the same way as mentioned in the section u,jdcr call- 
bration. In some cases the colomn was wasned with wc.xcr to 
see if any activity was coming down out of the column. Succe- 
ssive fractions of eluant contcaning 1.4 ml were collected on 
circular planchets. These pJ r aciicts 2.5 cm in diam‘-t:r, 3*0 
in height and about 1 mm in tl jckness, were made of nlistic. 
Bach fraction was evanoraced to dryness at 60°C in an air oven 
and the activity was counted n a Gas Flow Proportional counter 
(GET counter). Each ion exchuige chromatographic cji.al:> sis 
required the collection, prep: ration and counting of about 100 
fra-ctions. Since equal volum'-s 01 the same 0.05 El -IsBO^ 
solution was evaporated in e-’cV" collected fraction tbc. self- 
absorption and other counting-corrections are also identical 
en.d no relative corrections ‘ic needed either to obtain the 
activity distribution as a function of the eluant vcliite or 
for intercomparison of the amounts of different a.nions frem 
the total- activity under eacb curve. 
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In seme cases, after elcxroa with a certain vcl;i e of 
''.05 M NalMO^, elution was carxiecl out with other ’ii;ner 
concentrations of KallO^. In t ese cases, relative ccirections 
were neoded for the different 'celative amounts of hat 0 ^ pre- 
sent in I .4 ml of the soluti'^no of of differ&j-t concen- 

trutions. The con actions wu r 1 ade as follows 5 :'l of 
the radioactive solution was diluted to 10 ml --ith 

uxs tilled water. Aliquots oJ 0.1 ml of this dilute solution 
IMS taken in planchet containing 1 ml of 0,05 M ilalTO^. These 
were evaporated to dryness anc ccxnted in duplicate. bimilarly 
the same aliouot of radioa.ctTve solution was takc.n in plan- 
c hots containing 1 ml of 0.1 . i" atTO^ and O .33 M solution 

oocli. These were dried and counted in dunlicates. rccause 
cd the higher self-ahsorp tioii, where the sainpl -- coi. rains 
acre of the fiaiTO^, the actucl count would he less thiii in the 
saiaPle containing loss of Hn 0^. Since the same q_xih.'' ‘"-I'ty oi 
''■^S as present in all of them, the correction factor is the 
ratio of the observed activites in the two samples. Table 2.2 
shows the correction factor uiLi lespect to 0.05 m -T-hC^. 

Each such chromatographic anafLysis was done ein 

aliquot of the radioactive S solution at diiferent ncriods 
oi time. The elution curves obtained with the samnles analyzed 
yt different times gave an idea of the t^pe of interactions 
iiisiae the solution between tb : species present as a function 
of the age of the sample. The actual results and discussions 
on their significance are pre^’ented in the next chapxer. 
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IA3L L 2.1 


Elution regions wiiri 0.05 H ITaiiO- in 
terms of eluant volume. ^ 


&p eoi es 

Elution region 

r 2- 

O 

' rl 

- 22 ml 

P- 

Of) ^ 

K-/ ^7 

P 

15 -il 

» 30 ml 

SO4" 

22 ^,1 

- 43 ml 

, q2- 

Cl ml 

- 133 ml 



l2 

Correction factor lor 
with respect to 0.05 

self “absorption 
i Hai' 0^ 

Cone, of 

eluant 

(EaNO^) 

Average 
activi I’j 
( ) 

Multiplica- 
tion factor 

V ,T . t . 

0.05 H hallO^ 

0.C5 

1646.5 

1 

0.1 

1129, 4 

1.46 

0.53 M 

907. S5 

1.81 
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CHAPTj£ 5 


results MI) DISOTlFSRK., 


3*1 Re' u l bS o 


In th-is section are first preoc- :ed, the results of 'chs 
cnemir^a] analysis of a radioactive suli^de sample by inactive 
caiTior technique (Section 2.3) by Muddinn'ishna and MuRhergi'^. 

il it IS assumed that the soluncn contains only 3 '^ , 

SOI > sc ^ ind S20^ , thei the addition of Ag co the f litre to 
after reiaovsl of S^" as CdS, So|“ and naSC^, Sc|" as BaSO^, 
should Cenuse the activity in the original S 20 ^”’ to appear in 
equal ainounfcs in the Ag 2 ^ Ag2S0^ fractions. The last cwo 
columns o[ Table 3*1 shows that the activity of the tvo frac - 
tions (i.c., Ag 2 ^ 3^^ Ag 2 S 0 ^) obtained irom the assumed 320^ 
in the filtrate are not the same. This j.ndicated possibly tli. c 
sulfur couroounds other than the ones conij-dered are also pre’^'nu 
in tho soli'tion. 

The results of the present analysis are given in the 

form of olution curves of samples removed from the radioactive 

2 — 

S solution at different time periods. Each curve shown in 
Eig. 6-14 represents a plot of the activity in successive 1.4 ml 
fractions of the eluant against the volume of the eluant at 
which tho fractions are collected. 
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Pig. 6 IS the earliest sample that could he analyzed 

(7 day old). It exhibits two clear peoxs at 16 ml and 35 ml. 

eluant ‘volume. I'rcm the previous calibration (Section 2.4.6) 

the first peak on the left seems to he a mixture of and 

SO^ and the second peak is mainly aue 'uO 3C^ . Because of a, 

miound erotniding at that tme regardin,'" lire elution regions of 
2 — 

^ 2^3 ’ ® ^'i^ion heyond tire volume of 60 ml was not undertaken. 

2 “ 

figure 7 shows a similar analysis of 10 day old S 

solution. Here the first peak on the left seems to he the 

sulfide weak, which makes one suspect chat the left hand side 

2 — 2 — 

peak in i'lg. 6 migkt have been due to a mixture of S and SO^ . 

P— 

Ihe Second peak is possibly that of SO^ and the third and the 
most prominent peak is that of So|“. This is conformed by the 
same value of the full width at half maximum for the two curves 
peaking at 55 ml m figures 6 and 7 . Eilution pattern beyond 
the volu'iie of 45 ml seems to show the presence of at least 3 
to 4 sulfur compounds. Since the region 61 ml - 123 ml represents 
tho voluiac in which is elubed, it is suspected that £> 2*^3 

and other polythionic acids are present in the solution. 

In order to have a broad idea about the nature of thc- 

2 ~ 

compounds present, an aliq^Uwt of the sample of radioactive S 

taken on the 10th day was treated with 1 ml of cone. HCl in a 

test tube, evaporated to dryness and was detracted with water 

and subjected to lon-exchange separation. Ihe acid is expected 

to cause sof” and thiosulfate as well as polythionate 

3 


I. 



< leooh 
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Activity fcpm) 



Figt B. Plot of eluted activity per 1.4nrii of elyon! against etuar 
volume for an acid treoted 10 doy old sample of radio - 
active sulptiide. 
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poais -to Yaiiisli. SO^- volatile vouia evaporr-tc 

as H 2 Si, bhios-ulfatos and polythionates Tjould yield first S, e-ic" 

a mixture of and So|-. Smce SO^ end H 2 S would go away end 

GlemenxoJ. S would precipitate out (or woild le adsorbed on inc 

column Irtor) and only So|“ would be seen in the eluant. Figure 8 

shows the elution spectrum for the 10 - cay old acid treated 

sample. A conparison between Fig. 7 a-id Fig. 8 shOTrs that all 

the p.uks for and and su spec led thionic acids hav.. 

disapnocn^d on acid treatment as expected. To ensure that no 

activity du, to S^O^" and possible thionic acids is missed, 

elution of the column in the case of tn. acid treated saraplc 

was continued with O.O 5 M NalTO^ upto a volume of 60 ml and then 

further elution was done with 0.33 M iTaLjO^. The peak of the 

remainiji^ prommant curve in Fig. 8 coi" usponds with that of 
2 _ 

SO^ . Howev-'r there is a small kink in t]‘is curve which is 
somewhat difficult to explain. 


Figure 9 shows the elution spectrum of a. 15 - day old samolc. 
Some activity appears in the water used to wash the sample after 
it was plcned on the column. Peak number 2 appears to be due 

2— p 

to S and peak number 3 due to S0|“ . The kink observed in 
the acid treated sample in Figure 8 seems more prominent no^i- anr 
possibly represents a new cempound whose activity is growing 
with time and which is stable towards acids. After using 0.05 H 

EaNO^ upto a volume of 50 ml, 0.1 M EaNO^ was used as the eluaiet 

2 — 

to have a broad view of the region. Several small peaks 








38 


) indicate a lar^e number of compounds, possibly 

polythionates, which are eroTJTn^ nv, +t. 

gr ua the &oli;ition. vj'i.th time. 

This trend continues in th o iv 
2 _ 2 he 17 - aay olo sample in which the 

S and SO^ peaks are still pranmenl but no longer well- 

resolvea, che kink on the So|" curve has shaped itself into 

another neak and the total activity in tne thiosulfate and 

thionate is increasing (Tig. 10). 

I'l.me 11 shows the spectrum oi a 13 - day old sample, 
which war diluted and air~e^posed for 4 days. The only broad 
projinent peak seen appears to be due ro a mixture of SO^" 
ajad SO^- . Thionates and 3^“ are undergo. ng air oxidation to 


yield 30^ and 30^ . 3ince the peaks on the ri^t hand side 
o^en in cne 10 - day, 15 - day and 17 - day old samples (Pig. 7, 

9 and 10) are not visible in Pig. n this conclusion is possibly 
a reasonable one. 


^ 2 - 


Pigures 12 and 13 show respectively the elution spec ere 

for a 79 - day old and II3 - day old sample respectively. In 

I ig. 12 peak numbers 3 and 4 may be due to a mixture of 30^“and 
2 - 3 " 

SO^ and the cluster of curves on the right indicates a number 

of unresolved peaks corresponding to unknown products, possibly 

polythionates. Pig. 13 shows the clear S^“ peak (peak no. 2) 

and a single peak for So|“ and a number of peaks in and beyond 

the region on the ri^t hand side corresponding to coanlex 

polythionr tes. 
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Fig. 11. Plot of eluted activity per 1.4 ml of eluant volume 
against the eluant volume for a air exposed diluted 
sample. Diluted on 13^^ day and analysed on 17^^ day. 
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FI 9 . 12. Plot of eluted activity per 1.4 ml of eluan volume against 
the eluant volume for a 79 day old sample. 




16000 


^ONDN ^ 20 0 



uoipDJj o^H 


(UidD) AijAipv 



1 


Fig. 14. Plot of eluted activi 
for a 115 day old s 
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TABLR 


Relative percentages of the 
the S ~ region and m the SC 

activities in 

2~ 2- 
'3 +S0^ region 

Age of the 

35 2- 

S Sample 

Ro. of daj/o 

q2- 

^ region 
activity 

7 

so|” + so|" 
region activity 

y. 

7 

70.56 

29.43 

10 

46. 23 

53.77 

15 

17.94 

82.06 

17 

21.75 

78. 25 

79 

12. 68 

87.32 

113 

45.75 

54. 30 


S' 
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Figure 14 shows the elution specura of the sulfile 
sample, 115 days of its preparation, with water, 0.02 M HalTO^, 

0.05 M hal^O^, 4 M HCl, and 6 M HCl. The col-umn retains consi- 
derable iv- Livity which cannot be eluted even by 6 M KCl. 

3 . 2 Discussion t 

rrcm 8 JI inspection of Figures 6 -I 3 it seems clear thr r 

the radi o.'ctive solution, after 7 days of its preparation, 

contains considerable amount of S0^~. Further, with age, a 

large nru'ber of other sulfur products also appear in the solution. 

Since mosc of the thionates are commercially not available a.-u 

quite dij'jjcult to prepare in pure states, identification of 

all the 0 eahs seen in the elution specti-a was not possible with • 

in a limibed period of time. Table 3.2 snows the approximaac 

c omp osi tj ons of the solutions of different age in terms of 5^ 

fraction, Sof” and SO?" fraction and S^Ov" fraction. S^ ■ 

j 4 an 

tion ac bivi by comprises the total activity computed in the 

P— 2 “ - 2““ N 

region wheo-c S*^" should appear (9-22 ml). Similarly (SO^ ) 

2 “ 2 — 

activity IS the activity under the (SC^ + SO^ ) peah. The bocal 
activi by in the volume of eluant beyonc? 61 ml is designated as 
the S 20 ^~fraction, which actually may consists of 820 ^ and 
other p olythionates and polysulf ides. liiese relative amounts 
are shouwi in the Table 3.2. Table 3*3 shorrs the relative anounis 
of S^~ and (So|" + SO^") present with respect to each other. 

The relative amounts shoicn m these tables are to be taken with 


t 
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caution Since ther 


© Seems to be consider s ole overlap betweco 


tile S , S(j^ , and SO^ elution curves. These, however, do 
not afloct the general conclusion that vithin a period of 10 
days the peicentage of 3^“, il originally 100^ , in the samule 
supplieci by BARC, dwmdless to about 20%, and about 60^ of th« 
original S is in ,-ne form of -roducxs ct! -x than Sof“and SC?“ 

j 4 

In view of the above facts rhe following mecnanism is 

or op os ed Lor the reactions undergoing i.i the radioactive S^“ 

solution. I'he following reactions partly/ explain the decrease 

Ln the concentration of sulfide and the boild-up of 80^" and 

o 

the starting of the destruction of sof” afterwards. The reac- 
tion jnGGhriiism is as follows . 


Radiolysic of H^O 


H 2 O H* + 'OH + H 2 O 2 + *0CH 


Primary j' cacti on ; 


p_ air oxidation p_ p_ p_ 

^ ■> s 0 ^ + 30^ + S0_f 

mild oxidants 2 5 5 4 


Secondary reactions ; 


r\ Jri r\ 0 0 

SpOf — s^of + sof- 


HoOo p 

- > SOJ' 


( 4 ) 
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Forq_a,txo. oi P olythionates (Solfane dxs.l fnn .t»^ . 

— — 


i^0h“ 

2 p 

oxidant” 


8 . 0 ^~ 

4 6 

(5) 

*6 

S2OI" — 

> 

S^Og + &o| 

(6) 


SjOf- 


SgO^ + so|“ 

(7) 


^n°t * ^2°l' 


^ + S02- 


( 8 ) 


■where'll 'it. an integer, and S^Og represexits a polythionate ion. 

Destruc'cion of higher polythionates (pulLane disnlf onates) 
hy S0j“ ; 


“4“!' + so|- 




SjO|- + S20|- 


(9) 


Similarly 


S^o^- + so|- 


■» SjOf- + [S^_3 - 30^f- 


( 10 ) 
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Formation of sulfi^r ; 




> 


s 


n 


+ so£~ 


( 11 ) 


Other reactions of [s^ - SO » 


prpi - QPi 1 condensation ^ 9 

2[S,, SOj] s, 2 g2- 


2 - 


fa an t 2- oxidation , 

L'^n ” -> rsO^ - - SO^]^- 


( 12 ) 

( 13 ) 


The nr od nets of radiolysis of water ere well known^^. 

The oxifh- Lion of sulfide under mild oxidising conditions are 
also well established . Similarly 820^ is easily oxidised 
by mile oxiaising reagents and hence such reactions c£,n be 
expected i,n take place under radiolytic co ditions in which 
oxidants like H2O2? *00H and *Oli are formed. 

The n)'esence of 82^^“ can lead to tl.e fonation of hig^i^r 
polythi dates (sulfane disulf onates) . Reactions 5, 6, 7 and 0 
represoiiiii the reactions by which polythionates are formed. 

Then the degrade La on of sulfane disulfonates by sulfite can 
"be expluixied by the formation of sulfane monosulfonates. For 
example, the degradation of disulfane disulfonate by 

sulfite IS known to produce monosulfane disulfonate 
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and. thiOBfllate [820^]^ . This thiosui'Ca.te is nothing hut 
the tiro 0 raemher of an entirely new clc ss of ccmuounds known 
as sulcc^io monosulfonates [S^ - SC^]^" xn which ’n’ is equal to 1. 
Hence, f O' the destruction of the higher sulfane disulf onatec 
Schmidt i^'g ol. , nroposed the formation of higher sulfane 

monosulf onsites as the intermediate product. The higher sulf c _ 
m on OSU-.I o_ja bos are very reactive and neicc they are JestroyeC 
by aiiy out of the above reactions ( 11 , 12 and 15) . Further tnc 
sulfur ri formation is known to occu_ through- fbe formation 

25 

of suli'on, les 

Tb { above mechanism is sur^orccb by the follotj-ing 
oxp eriiu v' 111 1 J’acts . 

1. oulfide IS consumed rapidly. 

2. uUlfite IS being formed slowly (I ig. 9). 

5, Pi oducts other than thiosulface fxe formed. This is 
infiicatcd bj moro than one pOc'L in bhe thiosulfate 
.1 p,i on. 

4. /i Un* a period of two months (Fi'i* 12) the amount 01 
ru] I itc starts decreasing. Tins may be due to the 

c Oiisumption of sulfite in the destruction of higher’ 

) oj y thionates. 

5. Aitor 3 months of its preparation visible amount of 
sulfur IS formed. This formation of sulfur is 

25 

Lovoured by the formation of h' ghor polythionate 





sui^.iLir i-r 


'Oit ?U! 


:C£lK 


4,1 Sumnary 

[Ehe present uorli represents the deyelOTiment o± an lon- 

escnange separation method for the analysis of th-^ raciolytic/ 

oxidative products of radioactive sodium sulfide solaxion and 

the identification of seme of the different species present in 

the solution as a function of age. The results show that the 

amount of decreases rapidly and and huild- 

un slowly. After seme bine vhe destruction of SOf" sets in. 

p 

further in addition to So|~, S0^~ and S^of~ other snecies are 

p 4 2 p 

also present in the solution as early as the lO"^^ day after 

its preparation. This shows bhat ir- addition to oxidation by 

air, beta radiolysis possibly is also playing a majo^ role in 

The conversion of radioactive sulfide solution mto ocher sulfur 

products. To explain these facts, a possible reaction mecnanism 

that may be operating in the solution is proposed. From this 

lon-exchange chromatographic study it ns clear thav the amount 

35 2 — 

of radioactive S decreases v~ry rapidly and hence it is 

35 2 — 

important to know the exact mount of S a.t any ^^iven time 
before using it in any tracer study. 


4. 2 Scope for future ¥ork ; 

further work can be done to identify The peaks in the 
thiosulfate region. This will involve the preparation of poly- 
thionates in their pure for-j. Identification of these species 
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'rill further confirm the rerctiai mecncjiism thar is j)rc)posed 
in this thesis. Similar lon-eichcnge chr ome.togre.phic cjial^'Sis 
can he developed for the ccEr 3 rcially available radioactive 
isotopes in order to determi-ic 'ohe possible contamination of a 
pa.rticu' r oxidation state of the element by other oxidation 
states- Frcm such a study one vill be rble to understrnc the 
possible reactions end their '3 ec^-anisms occurring at very loxc 
conccntratiOiis and it vnll be of use m basic reseemcn in 
chemistry and nuclear medicine. 
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